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論 文 内 容 要 旨          
[Introduction] With the increasing environmental problems associated with solid wastes, 
comprehensive solid waste management should be exercised. In Fiji, the main method for waste 
treatment is landfilling, which has numerous environmental problems including leaching of 
toxic matter into the seas. The sugar industry has been perceived as the backbone of Fiji’s 
economy since the 1970’s, with  70% of export earnings
1
.  
Bagasse is the lignocellulosic dry material after the juices have been squeezed out of 
sugarcane. Currently, it is used for production of steam for the mill processes via direct 
combustion. However, about 40% of the bagasse production remains after every crushing 
season
2
 and they are good feedstock for chemical conversion. Plastic wastes are also increasing 
in Fiji. Unfortunately, there is no efficient technology currently in place in Fiji to recycle the 
plastic generated wastes. 
Therefore, this research is suggests possible recycling of bagasse via pyrolysis. The 
pyrolysis of biomass is challenging due to their tight network of lignocellulosic structure, 
cellulose, hemicellulose and lignin
3
, hence chemical treated with acid was done, and also the 
co-pyrolysis with waste plastics. Acid pretreatment was selected for this work since it can 
shorten the cellulose chains making them easier to pyrolyze. 
The main objective of this research is to provide a method for the recycling of waste bagasse, 
at the same time providing renewable energy and chemical sources via pyrolysis. 
[Acid pretreatment of sugarcane bagasse] Bagasse obtained from Fiji Sugar Corporation 
was dried at 105 C̊ for 48 h, grounded and sieved to a particle fraction below 125 µm. Ultimate, 
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proximate and compositional analysis was carried out on the samples. Solutions (100 mL) of 1, 
3, 6 and 9 M acetic acid concentrations were prepared, and 1 g of bagasse samples was added to 
the solution 
Table 1 Proximate, ultimate, and component analysis of untreated and acid pretreated bagasse 
*1
 calculated by weight difference; 
*2
 value less than 0.05  
Weight loss increased with increasing acid 
concentration, from 13.4 to 25.8 wt% for 1 and 
9 M CH3COOH respectively. This is attributed 
to the hydrolysis of polysaccharides, mainly 
hemicellulose, which reduced slightly after 
pretreatment (Table 1). The ratio of cellulose 
increased in the sample after acid pretreatment. 
TG/ DTG curves (Fig. 1) had the shift of 
cellulose peaks to lower temperatures and 
lowering of hemicellulose peaks with increasing acid 
concentrations. This proves the shortening of these 
chains by acid pretreatment, making them degrade at 
lower temperatures. FT-IR analysis O-H vibrations also did not alter much with acid 
pretreatment, which suggests even after hydrolysis has occurred; the structural make-up of the 
bagasse did not change much. 
[Pyrolysis of acid pretreated bagasse] Pyrolysis was performed in a quartz tube reactor 
heated by an electric furnace. The set-up has been published elsewhere 
5
. There were 4 
conditions investigated, namely (1) pyrolysis at 500 °C, (2) temperature increased to 800 °C, (3) 
addition of steam to second reaction chamber and (4) wet bagasse.  Acid pretreated improved 
the pyrolysis of bagasse (Fig. 3). The gaseous yield increased from 18.7 to 22.2 wt% for 
untreated and 1 M CH3COOH pretreatment, respectively. The shortening of cellulose and 
 Ultimate analysis (wt%) Component Analysis (wt%) 
 C H O
*1 
N S Cell Hemi Lig
*1
 Extrac Ash 
Untreated 42.7 6.1 50.7 0.5 +
*2 
30.9 28.2 9.6 11.4 12.8 
1 M CH3COOH 44.5 5.9 49.0 0.6 0.1 42.3 22.9 10.6 14.2 15.4 
3 M CH3COOH 43.6 5.5 50.2 0.6 0.1 41.5 23.6 13.8 9.2 11.4 
6 M CH3COOH 43.9 5.6 49.7 0.7 0.1 39.2 21.2 14.4 9.8 11.3 
9 M CH3COOH 37.5 5.0 57.0 0.5 + 40.9 20.9 14.5 13.8 11.7 
Fig. 1 TG/DTG of untreated and 
acid pretreated bagasse 
hemicellulose chain after acid pretreatment 
improved the pyrolysis of sugarcane bagasse. 
The amount of CO and CO2 reduced with 
increasing acid concentration (Fig. 2) due to the 
hydrolysis reaction, which CH4 ratios increased 
due to the high lignin fractions after acid 
pretreatment. 
Temperature increase to 800 °C increased 
the gaseous products from 22.2 to 45.1 wt% for 
1 M CH3COOH pretreated bagasse at 500 and 
800 °C. This increase in gaseous yield is 
associated with the reduction in tars. This 
suggests that thermal cracking of tars to give 
high gaseous yields. 
The addition of steam was seen to increase 
the gaseous yield even further. This is attributed 
to waster-gas shift reactions which would have 
taken place at such high temperatures. Also, the 
yield of H2 gases was enhanced. 
[Co-pyrolysis-gasification of bagasse and waste plastics] A mixture of mixed plastics (MP) 
including polyethylene (PE), polypropylene (PP), polystyrene (PS), polyethylene terephthalate 
(PET) and polyvinyl chloride (PVC) were ground and sieved to obtain particles sizes between 
100 and 125 µm, and mixed (PE:PP:PS:PET:PVC, 32.6:22.8:21.6:16.9:6.1) according to the 
realistic waste plastic composition in Japan 
4
. The co-pyrolysis-gasification of bagasse and 
waste plastics was done in a bagasse:plastic ratio of 1:1 
The co-pyrolysis of acid pretreated bagasse and waste plastics was seen to increase the 
gaseous yield even further, under each condition (Fig. 3). Also, the H2 production was enhanced, 
due to the contribution by the H-rich plastic wastes. The C2-C4 components of the bagasse were 
also enhanced, due to the polyethylene contribution present in the plastic wastes. In an aim to 
increase the gaseous yield, and H2 production, the co-pyrolysis of bagasse and waste plastics 
Fig. 2 Mass balance and gaseous products of 
the pyrolysis of untreated and 1 M 
CH3COOH bagasse under different 
conditions 
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500ºC 800ºC steam wet 
bagasse
was carried out using a Ni catalyst. 
This saw the further increase in 
gaseous yields and also the production 
of H2 (Fig. 3). The a ddition of waste 
plastics into the 
co-pyrolysis-gasification reaction not 
only has technical advantages in the 
selection of H2 and other products, it 
also contributes to the management of 
wastes in Fiji 
 [Conclusion]  The conversion of 
bagasse into gases, tars ad char was 
successfully carried out in this work. 
The yields were enhanced by acid 
pretreatment, and also via 
co-pyrolysis with waste plastics. This 
pyrolysis technique offers a suitable 
solution for treating waste bagasse and 
plastics in Fiji. The technology can be 
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Fig. 3 Mass balance of the co-pyrolysis of 
untreated and 1 M CH3COOH bagasse and waste 
plastics under different conditions 
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